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Gelada vocal sequences follow Menzerath’s linguistic
law
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3UBMITTED TO 0ROCEEDINGS OF THE .ATIONAL !CADEMY OF 3CIENCES OF THE 5NITED 3TATES OF !MERICA
)DENTIFYING UNIVERSAL PRINCIPLES UNDERPINNING DIVERSE NATURAL SYS
TEMS IS A KEY GOAL OF THE LIFE SCIENCES ! POWERFUL APPROACH IN
ADDRESSING THIS GOAL HAS BEEN TO TEST WHETHER PATTERNS CONSISTENT
WITH LINGUISTIC LAWS ARE FOUND IN NONHUMAN ANIMALS -ENZERATH’S
LAW IS A LINGUISTIC LAW THAT STATES THAT THE LARGER THE CONSTRUCT
THE SMALLER THE SIZE OF ITS CONSTITUENTS (ERE WE PRESENT THE lRST
EVIDENCE THAT -ENZERATH’S LAW HOLDS IN THE VOCAL COMMUNICATION
OF A NONHUMAN SPECIES 7E SHOW THAT IN VOCAL SEQUENCES OF
WILDMALE GELADAS 4HEROPITHECUS GELADA	 CONSTRUCT SIZE SEQUENCE
SIZE IN NUMBER OF CALLS	 IS NEGATIVELY CORRELATED WITH CONSTITUENT
SIZE DURATION OF CALLS	 #ALL DURATION DOES NOT VARY SIGNIlCANTLY
WITH POSITION IN THE SEQUENCE BUT CALL SEQUENCE COMPOSITION DOES
CHANGE WITH SEQUENCE SIZE AND MOST CALL TYPES ARE ABBREVIATED IN
LARGER SEQUENCES 7E ALSO lND THAT INTERCALL INTERVALS FOLLOW THE
SAME RELATIONSHIP WITH SEQUENCE SIZE AS DO CALLS &INALLY WE PRO
VIDE FORMAL MATHEMATICAL SUPPORT FOR THE IDEA THAT -ENZERATH’S
LAW REmECTS COMPRESSION – THE PRINCIPLE OFMINIMIZING THE EXPECTED
LENGTH OF A CODE /UR lNDINGS SUGGEST THAT A COMMON PRINCIPLE
UNDERPINS HUMAN AND GELADA VOCAL COMMUNICATION HIGHLIGHTING
THE VALUE OF EXPLORING THE APPLICABILITY OF LINGUISTIC LAWS IN VOCAL
SYSTEMS OUTSIDE THE REALM OF LANGUAGE
#OMMUNICATION | LANGUAGE | -ENZERATH | PRIMATE | :IPF
*EFOUJGZJOH GVOEBNFOUBM QSJODJQMFT UIBU VOEFSQJO EJWFSTF
OBUVSBM QIFOPNFOB JT B DFOUSBM HPBM PG UIF MJGF TDJFODFT 	 

5IF FYJTUFODF PG TVDI QSJODJQMFT SFWFBMFE CZ UIF PDDVSSFODF PG
DPNNPO TUBUJTUJDBM QBUUFSOT DBO TIFE MJHIU PO UIF CBTJD QSPDFTTFT
TIBQJOH CJPMPHJDBM TZTUFNT 	
 *O SFDFOU ZFBST FYQMPSBUJPO PG
UIF VOJWFSTBMJUZ PG UIF TUBUJTUJDBM MBXT PG IVNBO MBOHVBHF IBT
QSPWFE B GSVJUGVM TUBSUJOH QPJOU GPS JEFOUJGJDBUJPO BOE JOWFTUJHBUJPO
PG UIFTF GVOEBNFOUBM QSJODJQMFT 	 
 5IF QPXFS PG TVDI BO
BQQSPBDI JT JMMVTUSBUFE CZ SFDFOU TUVEJFT PG UIF HFOFSBMJUZ PG
;JQG’T MBX PG BCCSFWJBUJPO 	
 5IJT MJOHVJTUJD MBX BMTP DPNNPOMZ
LOPXO BT ;JQG’T MBX PG CSFWJUZ TUBUFT UIBU NPSF GSFRVFOUMZ VTFE
XPSET UFOE UP CF TIPSUFS BOE JU IBT CFFO GPVOE UP IPME USVF
JO BMM MBOHVBHFT BTTFTTFE UP EBUF 	
 "OBMZTFT PG UIF OPOWPDBM
TVSGBDF CFIBWJPSBM SFQFSUPJSF PG EPMQIJOT 	
 UIF WPDBM SFQFS
UPJSF PG 'PSNPTBO NBDBRVFT 	
 DMPTFSBOHF DBMMT PG DPNNPO
NBSNPTFUT 	
 BOE TPDJBM DBMMT PG GPVS TQFDJFT PG CBUT 	
 SFWFBM
UIBU UIFZ UPP DPOGPSN UP BO JOWFSTF HFOFSBM SFMBUJPOTIJQ CFUXFFO
NBHOJUVEF 	FH EVSBUJPO
 BOE GSFRVFODZ PG VTF 5IJT DPNNPO
QBUUFSO QSPWJEFT FWJEFODF UIBU DPNQSFTTJPO – UIF JOGPSNBUJPO
UIFPSFUJD QSJODJQMF PG NJOJNJ[JOH UIF FYQFDUFE MFOHUI PG B DPEF
– JT B HFOFSBM QSJODJQMF PG BOJNBM 	JODMVEJOH IVNBO
 CFIBWJPS
SFGMFDUJOH TFMFDUJPO GPS FOFSHFUJD FGGJDJFODZ 	 

'VSUIFS FWJEFODF PG DPNQSFTTJPO JO IVNBO MBOHVBHF  UIJT
UJNF OPU BU UIF MFWFM PG JOEJWJEVBM FMFNFOUT CVU BU UIF MFWFM PG
FMFNFOUT DPNCJOFE JOUP TFRVFODFT  NBZ DPNF GSPN TUVEJFT PG
BOPUIFS MJOHVJTUJD MBX .FO[FSBUI’T MBX XIJDI TUBUFT TJNQMZ UIBU
“UIF HSFBUFS UIF XIPMF UIF TNBMMFS JUT DPOTUJUVFOUT” 	–
 5SB
EJUJPOBMMZ UIJT MBX IBT CFFO VTFE UP FYQMPSF UIF TUSVDUVSJOH PG MBO
HVBHF JO XSJUUFO UFYU BOE FWJEFODF TVQQPSUT UIJT MBX BU EJGGFSFOU
TDBMFT PG BOBMZTJT UIF MPOHFS B XPSE JO UFSNT PG TZMMBCMF OVNCFS
UIF TIPSUFS PO BWFSBHF BSF JUT DPOTUJUVFOU TZMMBCMFT 	FH 
 BOE
UIF MPOHFS B TFOUFODF JO UFSNT PG OVNCFS PG DMBVTFT UIF TIPSUFS
PO BWFSBHF UIPTF DMBVTFT BSF 	FH 
 "MUIPVHI .FO[FSBUI’T
MBX XBT PSJHJOBMMZ JOEVDFE BT B MJOHVJTUJD MBX JU IBT TJODF CFFO
BQQMJFE UP B XJEF SBOHF PG TZTUFNT CFZPOE IVNBO MBOHVBHF B
OFHBUJWF DPSSFMBUJPO CFUXFFO DPOTUSVDU BOE DPOTUJUVFOU TJ[F IBT
CFFO GPVOE JO EPNBJOT TVDI BT NVTJD 	
 BOE BU UIF NPMFDVMBS
MFWFM XJUI TQFDJFT UIBU IBWF B MBSHFS OVNCFS PG DISPNPTPNFT
UFOEJOH UP IBWF B TNBMMFS NFBO DISPNPTPNF TJ[F 	 –

HFOFT UIBU IBWF B IJHIFS OVNCFS PG FYPOT IBWJOH TIPSUFS FYPOT PO
BWFSBHF 	 
 BOE QSPUFJOT XJUI B IJHIFS OVNCFS PG EPNBJOT
IBWJOH PO BWFSBHF TIPSUFS EPNBJOT 	
 5IJT CSPBE BEIFSFODF
UP .FO[FSBUI’T MBX DBO CF JOUFSQSFUFE BT B NBOJGFTUBUJPO PG TFMG
PSHBOJ[BUJPO 	
 BOE DPNQSFTTJPO PG JOGPSNBUJPO 	 
 BOE
TVHHFTUT UIBU UIFTF QSPDFTTFT NBZ CF XJEFTQSFBE JO TIBQJOHNVMUJ
MFWFM TZTUFNT BT EJWFSTF BT NBDSPNPMFDVMFT MBOHVBHF BOE NVTJD
5P EBUF OP TUVEZ IBT UFTUFE.FO[FSBUI’T MBX JO UIF WPDBM DPN
NVOJDBUJPO PG BOZ TQFDJFT FYDFQU PVS PXO $BSSZJOH PVU TVDI TUVE
JFT JT FTTFOUJBM JG UIF HFOFSBMJUZ PG UIJT MBX BDSPTT EJGGFSFOU DPNNV
OJDBUJPO TZTUFNT JT UP CF FWBMVBUFE 4VDI BO JOWFTUJHBUJPO XPVME
BMTP DPOUSJCVUF UP PVS VOEFSTUBOEJOH PG UIFNVMUJGBDFUFE OBUVSF PG
BOJNBM WPDBM TJHOBMJOH JEFOUJGZJOH UIF QSPDFTTFT CZ XIJDI BOJNBMT
UBLF TJOHVMBS TPVOET BOE DPNCJOF UIFN JOUP EJWFSTF TFRVFODFT
JT B LFZ HPBM GPS UIPTF XJTIJOH UP RVBOUJGZ DPNQBSF BOE FYQMBJO
WBSJBUJPO JO WPDBM DPNQMFYJUZ BDSPTT UBYB JODMVEJOH IVNBOT 	

.PSFPWFS GJOEJOH DPOGPSNJUZ UP .FO[FSBUI’T MBX JO BOJNBM WPDBM
CFIBWJPS XPVME IJHIMJHIU BO JNQPSUBOU DPNNPOBMJUZ CFUXFFO
IVNBO MBOHVBHF BOE UIF WPDBM TZTUFNT PG PUIFS BOJNBMT XJUI
3IGNIlCANCE
(UMAN LANGUAGE FOLLOWS A VARIETY OF STRUCTURAL PRINCIPLES
KNOWN AS LINGUISTIC LAWS /NE OF THESE-ENZERATH’S LAW STATES
THAT THE LARGER THE SIZE OF THE CONSTRUCT EG THE SIZE OF A
WORD IN TERMS OF SYLLABLE NUMBER	 THE SMALLER THE SIZE OF THE
INDIVIDUAL CONSTITUENT PARTS EG SYLLABLES	 7E SHOW FOR THE
lRST TIME THAT -ENZERATH’S LAW ALSO HOLDS IN THE VOCAL COMMU
NICATION OF A NONHUMAN SPECIES )N THE GELADA 4HEROPITHECUS
GELADA	 A PRIMATE LIVING IN THE HIGHLANDS OF %THIOPIA LONGER
VOCAL SEQUENCES PRODUCED BY ADULTMALESWERE ASSOCIATEDWITH
SHORTER INDIVIDUAL CALLS 4HIS RESULT SUGGESTS THAT GENERAL 
PERHAPS UNIVERSAL  PRINCIPLES UNDERPIN THE STRUCTURE OF VOCAL
COMMUNICATION IN OUR OWN SPECIES AND OTHERS
2ESERVED FOR 0UBLICATION &OOTNOTES
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&IG  %XAMPLE SPECTROGRAMS OF !	 A CALL VOCAL
SEQUENCE "	 AN CALL SEQUENCE AND #	 A CALL
SEQUENCE FROM THE SAME STUDY MALE "RACKETS ON THE
SPECTROGRAMS DENOTE THE START AND END OF EACH CALL
AND THE LOWERCASE LETTERS ABOVE THE BRACKETS REPRE
SENT DIFFERENT CALL TYPES A	 EXHALE GRUNT B	 INHALE
GRUNT C	 EXHALE MOAN D	 INHALE MOAN E	 WOBBLE
AND F	 YAWN 3PECTROGRAMS WERE MADE IN !VISOFT V
 2 3PECHT "ERLIN	
&IG  2ELATIONSHIP BETWEEN CALL DURATION AND !	
VOCAL SEQUENCE SIZE IE NUMBER OF DISCRETE CALLS	
AND "	 CALL POSITION IN A VOCAL SEQUENCE 0OINTS AND
WHISKERS INDICATE MEAN ±  3%- AND LACK OF WHISKERS
INDICATES THAT THERE WAS A SAMPLE SIZE OF  SEQUENCE
4ABLE  2ESULTS OF ,-- USED TO TEST FOR RELATIONSHIPS BETWEEN
CALL DURATION AND SEQUENCE SIZE CALL POSITION AND CALL TYPE
&ACTOR %STIMATE 3%- T 0B
)NTERCEPT     
3EQUENCE SIZE     
#ALL POSITION    
#ALL TYPEA
EXHALED MOAN     
INHALED GRUNT    
INHALED MOAN     
WOBBLE     
A %XHALE GRUNT WAS THE REFERENCE LEVEL FOR CALL TYPE
B "OLDED VALUES INDICATE 0  
4ABLE  $URATION OF THE CALL TYPES USED IN GELADA MALE VOCAL
SEQUENCES
#ALL TYPE . -EAN S	 3%- 2ANGE S	
%XHALE GRUNT      
%XHALE MOAN      
)NHALE GRUNT      
)NHALE MOAN      
7OBBLE      
9AWN      
SFTQFDU UP UIF CBTJD TUSVDUVSBM QBUUFSOT VOEFSQJOOJOH IPX TPVOET
BSF DPNCJOFE JOUP MBSHFS VOJUT BOE TUSVDUVSFT 5IJT DPNNPOBMJUZ
XPVME QSPWJEF FWJEFODF GPS TFMFDUJPO BDUJOH PO UIF DPNNVOJDBUJWF
TZTUFNT PG UIFTF EJTQBSBUF UBYB FJUIFS UP DPOTUSBJO UIFN UP B
DPNNPO BODFTUSBM TUBUF PS UP ESJWF UIFJS DPOWFSHFOU FWPMVUJPO
	

)FSF XF UFTU .FO[FSBUI’T MBX JO UIF WPDBM DPNNVOJDBUJPO PG
XJME HFMBEBT 	5IFSPQJUIFDVT HFMBEB
 B HSFHBSJPVT QSJNBUF TQFDJFT
XJUI B XFMM EFTDSJCFE WPDBM SFQFSUPJSF BOE JO XIJDI JOEJWJEVBMT
 UZQJDBMMZ BEVMU NBMFT  QSPEVDF MPOH BOE DPNQMFY WPDBM TF
RVFODFT EVSJOH BGGJMJBUJWF DPOUFYUT 	–
 5IF DPOTUJUVFOU QBSUT
PG UIFTF TFRVFODFT BSF EJTDSFUF JOEJWJEVBM DBMMT BOE TJY EJGGFSFOU
DBMM UZQFT JO UPUBM BSF TFFO JO TFRVFODFT 1MBZCBDL FYQFSJNFOUT
JOEJDBUF UIBU TFRVFODFT DPNQPTFE PG POMZ UIF NPTU DPNNPO DBMM
UZQF  HSVOUT  FMJDJU XFBLFS SFTQPOTFT GSPN SFDFJWFST UIBO EP
NPSF WBSJFE TFRVFODFT GVSUIFSNPSF SFHBSEMFTT PG DPNQPTJUJPO
QMBZCBDLT PG TFRVFODFT DPNQSJTFE PG NVMUJQMF DBMM UZQFT FMJDJU
TJNJMBS TUSPOH SFTQPOTFT GSPN SFDFJWFST 	
 5IFTF SFTVMUT TVHHFTU
UIBU JO DPOUSBTU UP XIBU IBQQFOT XIFO XPSET BSF DPNCJOFE UP
GPSN TFOUFODFT HFMBEBT EP OPU TFFN UP DPNCJOF FMFNFOUT JOUP
TFRVFODFT UP DPOWFZ B EJGGFSFOU NFBOJOH *OTUFBE UIFTF WPDBM
TFRVFODFT NBZ GVODUJPO TJNJMBSMZ UP CJSE TPOH JO UIBU JODSFBTJOH
UIF EJWFSTJUZ PG DBMMT XJUIJO UIFN QSPWJEFT B NPSF FGGFDUJWF XBZ UP
DPOWFZ UIF TBNF NFTTBHF 	

'JSTU XF UFTU GPS 	B
 B OFHBUJWF DPSSFMBUJPO CFUXFFO UIF OVN
CFS PG DBMMT JO B TFRVFODF BOE UIF BWFSBHF EVSBUJPO PG UIFTF DBMMT
UIJT QSPWJEFT B UFTU PG .FO[FSBUI’T MBX JO UIF HFMBEB WPDBM TZTUFN
1BUUFSOT DPOTJTUFOU XJUI.FO[FSBUI’T MBX DPVME SFTVMU GSPN POF PS
NPSF EJGGFSFOU QSPDFTTFT XIJDI XF FYQMPSF JO GVSUIFS BOBMZTFT
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&IG  2ELATIONSHIP BETWEEN PROPORTIONS OF SPECIlC
CALL TYPES AND SEQUENCE SIZE "ARS AND WHISKERS INDI
CATE THE MEAN PROPORTION   3%- OF THE SPECIlC CALL
TYPE IN VOCAL SEQUENCES OF THAT GIVEN SIZE AND LACK OF
WHISKERS INDICATES THAT THERE WAS NO VARIATION IN THE
PROPORTION VALUES #ALL TYPES ARE !	 EXHALE GRUNTS "	
EXHALE MOANS #	 INHALE GRUNTS $	 INHALE MOANS %	
WOBBLES AND &	 YAWNS
&IG  2ELATIONSHIP BETWEEN CALL DURATION AND SE
QUENCE SIZE FOR DATASETS FOCUSING ON EACH OF THE SIX
CALL TYPES 0OINTS AND WHISKERS INDICATE MEAN ±  3%-
AND LACK OF WHISKERS INDICATES THAT THERE WAS A SAMPLE
SIZE OF  SEQUENCE #ALL TYPES ARE !	 EXHALE GRUNTS "	
EXHALE MOANS #	 INHALE GRUNTS $	 INHALE MOANS %	
WOBBLES AND &	 YAWNS
&IG  2ELATIONSHIP BETWEEN INTERCALL INTERVAL DU
RATION AND THE !	 VOCAL SEQUENCE SIZE AND "	 INTER
CALL INTERVAL POSITION IN A VOCAL SEQUENCE 0OINTS AND
WHISKERS INDICATE MEAN ±  3%- AND LACK OF WHISKERS
INDICATES THAT THERE WAS A SAMPLE SIZE OF  SEQUENCE
0OF TVDI QSPDFTT XPVME CF FOFSHFUJD PS CSFBUIJOH DPOTUSBJOUT
PO WPDBM QSPEVDUJPO MFBEJOH UP TIPSUFS WPDBM VUUFSBODFT CFJOH
NBEF MBUFS JO TFRVFODFT 	BOE NPSF PG UIFTF TIPSUFOFE DBMMT CFJOH
TFFO JO TFRVFODFT XJUI NPSF DBMMT PWFSBMM
 XF UIFSFGPSF BTTFTT
XIFUIFS 	C
 EVSBUJPOT PG DBMMT CFDPNF TIPSUFS MBUFS JO TFRVFODFT
1BUUFSOT DPOTJTUFOU XJUI UIF MBX DPVME BMTP PDDVS JG TFRVFODFT
XJUI NPSF DBMMT DPOUBJO B IJHIFS QSPQPSUJPO PG UIF TIPSUFS DBMM
UZQFT JO UIF SFQFSUPJSF UIFSFGPSF XF UFTU XIFUIFS 	D
 TFRVFODF
DPNQPTJUJPO DIBOHFT XJUI UIF OVNCFS PG DBMMT "OPUIFS QPTTJCMF
QSPDFTT VOEFSMZJOH FNFSHFODF PG UIJT MBX XPVME CF DBMMT PG B
QBSUJDVMBS UZQF CFJOH TIPSUFOFE JO EVSBUJPO JO TFRVFODFT XJUI
NPSF DBMMT XF FYQMPSF UIJT QPTTJCJMJUZ CZ UFTUJOHXIFUIFS 	E
 XJUIJO
TQFDJGJD DBMM UZQFT EVSBUJPOT BSF TIPSUFS JO TFRVFODFT DPOUBJOJOH
B MBSHFS OVNCFS PG DBMMT 8F UIFO FYUFOE PVS BOBMZTFT UP FYQMPSF
UIF TJMFODFT CFUXFFO DBMMT 	JOUFSDBMM JOUFSWBMT
 UFTUJOH XIFUIFS
	F
 .FO[FSBUI’T MBX BMTP IPMET GPS TJMFODFT TVDI UIBU JOUFSDBMM
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4ABLE  2ESULTS OF ,-- USED TO TEST FOR RELATIONSHIPS BETWEEN
INTERCALL INTERVAL DURATION AND SEQUENCE SIZE AND INTERVAL
POSITION
&ACTOR %STIMATE 3%- T 0A
)NTERCEPT     
3EQUENCE SIZE     
)NTERVAL POSITION    
A "OLDED VALUES INDICATE 0  
JOUFSWBMT BSF TIPSUFS JO TFRVFODFT XJUI NPSF DBMMT BOE 	G
 EV
SBUJPOT PG JOUFSDBMM JOUFSWBMT CFDPNF TIPSUFS MBUFS JO TFRVFODFT
'JOBMMZ BT B MJOL CFUXFFO .FO[FSBUI’T MBX BOE UIF QSJODJQMF
PG DPNQSFTTJPO IBT QSFWJPVTMZ CFFO QSPQPTFE 	 
 CVU OPU
TZTUFNBUJDBMMZ FTUBCMJTIFE XF 	H
 VTF B NBUIFNBUJDBM BQQSPBDI UP
QSPWJEF GPSNBM TVQQPSU GPS UIJT MJOL BOE 	I
 QVU GPSXBSE B VOJGJFE
FYQMBOBUJPO GPS UIF PSJHJOT PG CPUI.FO[FSBUI’T MBX BOE ;JQG’T MBX
PG BCCSFWJBUJPO
2ESULTS
8F BOBMZ[FE  WPDBM TFRVFODFT 	DPNQSJTFE PG  JOEJWJEVBM
DBMMT
 SFDPSEFE GSPN  TUVEZ NBMFT 	 TFRVFODFT QFS NBMF

5IF TFRVFODF TJ[FT SBOHFE CFUXFFO  BOE  DBMMT 	 TJOHMF
DBMM TFRVFODF SFDPSEJOHT  SFDPSEJOHT GPS TFRVFODFT XJUI
UXP PS NPSF DBMMT XJUI  SFDPSEJOHT QFS NBMF QFS TFRVFODF
TJ[F
 5IFSF XFSF OP SFDPSEJOHT BWBJMBCMF GPS TFRVFODFT PG 
DBMMT PS  DBMMT 4JODF  TFRVFODFT XFSF DPNQSJTFE PG B TJOHMF
DBMM UIJT NFBOT UIBU  TFRVFODFT XFSF VTFE JO UIF BOBMZTFT
JOWPMWJOH JOUFSDBMM JOUFSWBMT 5PUBM TFRVFODF EVSBUJPO BWFSBHFE
 T 	4&.  T SBOHF  T UP  T
 BOE UIF EJTUSJCVUJPO PG
UIF TFRVFODFT TJ[FT XBT DPOTJTUFOU XJUI B HFPNFUSJD EJTUSJCVUJPO
TVHHFTUJOH UIBU UIF QSPCBCJMJUZ PG TFRVFODF UFSNJOBUJPO JT OPU
EFQFOEFOU PO TFRVFODF TJ[F 	TFF TVQQPSUJOH JOGPSNBUJPO GPS
GVSUIFS EFUBJMT BCPVU UIF WBSJBUJPO PG TFRVFODF EVSBUJPO BOE TJ[F

&YBNQMF TQFDUSPHSBNT PG TIPSU BOE MPOH WPDBM TFRVFODFT GSPN UIF
TBNF NBMF TIPXJOH FBDI PG UIF TJY DBMM UZQFT BSF TIPXO JO 'JHVSF

	B
 *T DBMM EVSBUJPO OFHBUJWFMZ DPSSFMBUFE XJUI TFRVFODF TJ[F 
5P UFTU XIFUIFS UIFSF JT B OFHBUJWF BTTPDJBUJPO CFUXFFO DPO
TUSVDU TJ[F BOE UIF EVSBUJPO PG DPOTUJUVFOU QBSUT XF UFTUFE GPS B
DPSSFMBUJPO CFUXFFO TFRVFODF TJ[F BOE UIF EVSBUJPO PG JOEJWJEVBM
DBMMT 4VQQPSUJOH .FO[FSBUI’T MBX JOEJWJEVBM DBMM EVSBUJPO XBT
OFHBUJWFMZ DPSSFMBUFE XJUI TFRVFODF TJ[F 	ST   O  
Q    'JHVSF "
 5IJT GJOEJOH XBT GVSUIFS TVQQPSUFE
CZ B -JOFBS .JYFE .PEFM 	-..
 UIBU JODMVEFE JOEJWJEVBM DBMM
EVSBUJPO BT UIF EFQFOEFOU WBSJBCMF TFRVFODF TJ[F DBMM QPTJUJPO
BOE DBMM UZQF BT GJYFE FGGFDUT BOE NBMF JEFOUJUZ BOE TFRVFODF
SFDPSEJOH 	JF UIF WPDBM TFRVFODF UIBU B DBMM XBT GSPN
 BT SBOEPN
FGGFDUT 	1    5BCMF 

	C
 %PFT DBMM EVSBUJPO HFU TIPSUFS MBUFS JO UIF TFRVFODF 
5P UFTU XIFUIFS TVDI B.FO[FSBUI’T MBX FGGFDU DPVME CF EVF UP
DPOTUSBJOUT PO WPDBM QSPEVDUJPO SFTVMUJOH JO TIPSUFS DBMMT UPXBSET
UIF FOE PG B TFRVFODF XF FYQMPSFE UIF SPMF PG DBMM QPTJUJPO JO
UIF -.. 	5BCMF 
 $BMM QPTJUJPO XBT OPU BTTPDJBUFE XJUI DBMM
EVSBUJPO JOEJDBUJOH UIBU DBMMT XFSF SFMBUJWFMZ TJNJMBS JO EVSBUJPO
UISPVHIPVU BO FOUJSF WPDBM TFRVFODF 	'JHVSF #
 5IJT GJOEJOHXBT
DPSSPCPSBUFE CZ BO -.. TIPXJOH UIBU UIF EVSBUJPO PG GJSTU QPTJ
UJPO DBMMT XBT OFHBUJWFMZ BTTPDJBUFE XJUI TFRVFODF TJ[F 	&TUJNBUF
± 4&.  ±  U  1  
 JOEJDBUJOH UIBU UIF
EVSBUJPO PG DBMMT JO UIF CFHJOOJOH PG TFRVFODFT SFGMFDUFE TFRVFODF
TJ[F
	D
 %P QSPQPSUJPOT PG DBMM UZQFT DIBOHF XJUI TFRVFODF TJ[F 
5P UFTU XIFUIFS B .FO[FSBUI’T MBX FGGFDU DPVME CF EVF UP B
WBSZJOH QSPQPSUJPO PG TIPSUFS PS MPOHFS DBMM UZQFT JO TFRVFODFT
PG EJGGFSFOU TJ[FT XF FYQMPSFE EJGGFSFODFT JO EVSBUJPO BDSPTT UIF
TJY DBMM UZQFT BOE FYBNJOFE BTTPDJBUJPOT CFUXFFO TFRVFODF TJ[F
BOE QSPQPSUJPOT PG FBDI DBMM UZQF HJWFO JO FBDI TFRVFODF TJ[F
5IFSF XBT NBSLFE WBSJBUJPO JO EVSBUJPO BNPOH UIF TJY DBMM UZQFT
	5BCMF 
 0O BWFSBHF JOIBMF HSVOUT XFSF UIF TIPSUFTU PG UIF DBMM
UZQFT FYIBMF HSVOUT XFSF UIF TFDPOE TIPSUFTU DBMM UZQF GPMMPXFE
CZ JOIBMF NPBOT XPCCMFT ZBXOT BOE FYIBMF NPBOT 	5BCMF  BOE
5BCMF 
 5IF QSPQPSUJPOT PG CPUI FYIBMF HSVOUT 	&TUJNBUF ± 4&.
 ±  U 1
 BOE FYIBMF NPBOT 	&TUJNBUF
± 4&.  ±  U   1  
 JO WPDBM TFRVFODFT
XFSF OFHBUJWFMZ BTTPDJBUFE XJUI TFRVFODF TJ[F 	'JHVSF 
 5IF
QSPQPSUJPOT PG JOIBMF HSVOUT 	&TUJNBUF ± 4&.  ±  U
  1  
 JOIBMF NPBOT 	&TUJNBUF ± 4&.  ±
 U 1
 BOE XPCCMFT 	&TUJNBUF ± 4&. 
±  U  1  
 JO WPDBM TFRVFODFT XFSF QPTJUJWFMZ
BTTPDJBUFE XJUI TFRVFODF TJ[F 	'JHVSF 
 5IF QSPQPSUJPO PG ZBXOT
JO WPDBM TFRVFODFT XBT VOSFMBUFE UP TFRVFODF TJ[F 	&TUJNBUF ±
4&.  ±  U   1    'JHVSF 

	E
 %P DBMMT PG B QBSUJDVMBS UZQF TIPSUFO JO EVSBUJPO JO MPOHFS
TFRVFODFT 
5P UFTU XIFUIFS B .FO[FSBUI’T MBX FGGFDU DPVME CF EVF UP UIF
TIPSUFOJOH PG TQFDJGJD DBMM UZQFT JO MPOHFS TFRVFODFT XF FYQMPSFE
UIF SFMBUJPOTIJQT CFUXFFO DBMM EVSBUJPO BOE TFRVFODF TJ[F XJUIJO
QBSUJDVMBS DBMM UZQFT VTJOH -..T *OEJWJEVBM DBMM EVSBUJPO XBT
OFHBUJWFMZ BTTPDJBUFE XJUI TFRVFODF TJ[F GPS FYIBMF HSVOUT 	&TUJ
NBUF ± 4&.  ±  U  1 
 FYIBMF NPBOT
	&TUJNBUF ± 4&.  ±  U   1  
 JOIBMF
HSVOUT 	&TUJNBUF ± 4&.  ±  U   1  

BOE XPCCMFT 	&TUJNBUF ± 4&.  ±  U   1 

 	'JHVSF 
 $BMM EVSBUJPO XBT VOSFMBUFE UP TFRVFODF TJ[F
GPS JOIBMF NPBOT 	&TUJNBUF ± 4&.  ±  U   1 

 BOE ZBXOT 	&TUJNBUF ± 4&.  ±  U   1
 
 	'JHVSF 

	F
 *T JOUFSDBMM JOUFSWBM EVSBUJPO OFHBUJWFMZ DPSSFMBUFE XJUI TF
RVFODF TJ[F 
8F FYUFOEFE PVS EFGJOJUJPO PG DPOTUJUVFOU QBSUT UP JODMVEF
UIF JOUFSDBMM JOUFSWBMT 	UIF TJMFODFT CFUXFFO DBMMT
 JO WPDBM TF
RVFODFT BOE DBSSJFE PVU BOBMZTFT TJNJMBS UP UIPTF VTJOH JOEJWJEVBM
DBMM EVSBUJPO BT B EFQFOEFOU WBSJBCMF 4VQQPSUJOH .FO[FSBUI’T
MBX JOEJWJEVBM JOUFSDBMM JOUFSWBM EVSBUJPO GPS FBDI TFRVFODF XBT
OFHBUJWFMZ DPSSFMBUFE XJUI TFRVFODF TJ[F 	ST   O  
1    'JHVSF "
 5IJT GJOEJOH XBT GVSUIFS TVQQPSUFE
CZ B -.. UIBU JODMVEFE JOEJWJEVBM JOUFSDBMM JOUFSWBM EVSBUJPO
BT B EFQFOEFOU WBSJBCMF TFRVFODF TJ[F BOE JOUFSWBM QPTJUJPO BT
GJYFE FGGFDUT BOENBMF JEFOUJUZ BOE TFRVFODF SFDPSEJOH BT SBOEPN
FGGFDUT 	1   5BCMF 

	G
 %P JOUFSDBMM JOUFSWBMT CFDPNF TIPSUFS MBUFS JO B TFRVFODF 
5P UFTU XIFUIFS TVDI B .FO[FSBUI’T MBX FGGFDU PG JOUFSDBMM JO
UFSWBMT DPVME CF EVF UP DPOTUSBJOUT PO WPDBM QSPEVDUJPO SFTVMUJOH
JO TIPSUFS JOUFSWBMT UPXBSET UIF FOE PG B TFRVFODF XF FYQMPSFE
UIF SPMF PG JOUFSWBM QPTJUJPO JO UIF -.. 	5BCMF 
 5IFSF XBT
TVQQPSU GPS UIF QSFEJDUJPO UIBU JOUFSDBMM JOUFSWBM EVSBUJPO TIPSU
FOT BT B TFRVFODF QSPHSFTTFT BT JOUFSWBM EVSBUJPO XBT OFHBUJWFMZ
BTTPDJBUFE XJUI JOUFSWBM QPTJUJPO 	'JHVSF #
.PSFPWFS BO -..
TIPXFE UIBU UIF EVSBUJPO PG GJSTU QPTJUJPO JOUFSDBMM JOUFSWBMT XBT
OFHBUJWFMZ BTTPDJBUFE XJUI TFRVFODF TJ[F 	&TUJNBUF ± 4&. 
±  U  1 
 JOEJDBUJOH UIBU UIF JOUFSWBMT JO UIF
CFHJOOJOH PG TFRVFODFT BMTP SFGMFDUFE TFRVFODF TJ[F
	H
 " GPSNBM NBUIFNBUJDBM FYQMPSBUJPO PG UIF MJOL CFUXFFO
.FO[FSBUI’T MBX BOE DPNQSFTTJPO
*O RVBOUJUBUJWF MJOHVJTUJDT UIF QSFTFODF PG .FO[FSBUI’T MBX
IBT CFFO JOUFSQSFUFE BT B DPNQSFTTJPO FGGFDU 		
 Q  	

Q 
 IPXFWFS UIF DPOOFDUJPO CFUXFFO UIJT MBX BOE UIF QSPCMFN
PG DPNQSFTTJPO JO JOGPSNBUJPO UIFPSZ JT OPU PCWJPVT BOE IBT
OFWFS CFFO GPSNBMMZ FYQMPSFE NBUIFNBUJDBMMZ *O TUBOEBSE DPEJOH
UIFPSZ UIF QSPCMFN PG DPNQSFTTJPO JT CBTFE PO UIF NJOJNJ[BUJPO
PG UIF NFBO DPEF MFOHUI 	
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[]
XIFSF QJ BOE MJ BSF SFTQFDUJWFMZ UIF QSPCBCJMJUZ BOE UIF MFOHUI
PG UIF JUI FMFNFOU PG B SFQFSUPJSF 	FH BO BMQIBCFU
 PG TJ[F
7 4PMWJOH UIF QSPCMFN PG DPNQSFTTJPO DPOTJTUT PG GJOEJOH UIF
MFOHUIT TP BT UP NJOJNJ[F - BTTVNJOH UIBU UIF QSPCBCJMJUJFT PG
UIF FMFNFOUT BSF DPOTUBOU BOE UIBU UXP FMFNFOUT DBOOPU IBWF
UIF TBNF DPEF 5IF NJOJNJ[BUJPO PG - BOE B OFHBUJWF DPSSFMBUJPO
CFUXFFO QSPCBCJMJUZ BOE MFOHUI BSF JOUJNBUFMZ SFMBUFE 	
 'PS
JOTUBODF JU IBT CFFO TIPXO UIBU UIFNJOJNJ[BUJPO PG- MFBET UP UIF
MBX PG BCCSFWJBUJPO JF B OFHBUJWF DPSSFMBUJPO CFUXFFO QSPCBCJMJUZ
BOE MFOHUI 	 
 'PS .FO[FSBUI’T MBX JO IVNBO MBOHVBHF BOE
UIF WPDBMJ[BUJPOT PG HFMBEBT XF QSPQPTF UIF NJOJNJ[BUJPO PG UIF
GPMMPXJOH GVODUJPO
[]
XIFSF MJ JT OPX UIF NBHOJUVEF PG UIF JUI DPOTUSVDU JO B TFSJFT
PG 5 DPOTUSVDUT 'PS JOTUBODF MJ DPVME CF UIF UPUBM EVSBUJPO PG
UIF JUI WPDBMJ[BUJPO PG B HFMBEB PS UIF MFOHUI JO XPSET PG UIF J
UI TFOUFODF JO UFYU 	TFF 	
 GPS B SFWJFX PG DPTUT BTTPDJBUFE UP
EVSBUJPO
 /PUJDF UIBU UIFSF JT BO JNQPSUBOU EJGGFSFODF CFUXFFO -
BOE. UP JMMVTUSBUF UIJT QPJOU XF CPSSPX UIF DPODFQU PG UZQF BOE
UPLFO GSPN RVBOUJUBUJWF MJOHVJTUJDT 	
 8IJMF - JT EFGJOFE BT B
TVNNBUJPO PWFS UZQFT 	FMFNFOUT PG UIF SFQFSUPJSF PS WPDBCVMBSZ

. JT EFGJOFE BT B TVNNBUJPO PWFS UPLFOT OBNFMZ PDDVSSFODFT
PG FMFNFOUT PG UIF SFQFSUPJSF *OUFSFTUJOHMZ . DBO CF FYQSFTTFE
FRVJWBMFOUMZ BT UIF UPUBM TVN PG UIF EVSBUJPO PG UIF QBSUT PG FWFSZ
PDDVSSFODF OBNFMZ
[]
XIFSF MJK JT UIF MFOHUI PG UIF KUI QBSU PG UIF JUI PDDVSSFODF
	UPLFO
 *G POF BTTVNFT UIBU HJWFO B DFSUBJO PDDVSSFODF BMM UIF
QBSUT BSF JEFOUJDBMMZ EJTUSJCVUFE JU UVSOT PVU UIBU UIF FYQFDUBUJPO
PG . JT
[]
XIFSF &[MJK]J> JT UIF FYQFDUFE NBHOJUVEF PG UIF QBSUT PG UIF JUI
PDDVSSFODF BTTVNJOH UIBU QBSUT BSF JEFOUJDBMMZ EJTUSJCVUFE GPS B
HJWFO PDDVSSFODF /PX JU JT FBTZ UP TFF UIBU - BOE &[.> GPMMPX
UIF TBNF TDIFNF CPUI BSF B XFJHIUFE TVN PG UIF NBHOJUVEF PG
FMFNFOUT GSPN B TFU "QQMZJOH UIF BSHVNFOUT FNQMPZFE UP EFSJWF
UIF MBX PG BCCSFWJBUJPO GSPN UIF NJOJNJ[BUJPO PG - 	
 POF
DBO BMTP EFSJWF .FO[FSBUI’T MBX GSPN UIF NJOJNJ[BUJPO PG &[.>
5IJT BSHVNFOU SFMJFT PO UIF TJNQMJGZJOH BTTVNQUJPO UIBU QBSUT BSF
JEFOUJDBMMZ EJTUSJCVUFE XIJDI JT TVQQPSUFE CZ UIF BCTFODF PG BO
PWFSBMM FGGFDU PG DBMM QPTJUJPO 	5BCMF 

	I
 " VOJGJFE FYQMBOBUJPO GPS UIF PSJHJOT PG ;JQG’T MBX PG BCCSF
WJBUJPO BOE .FO[FSBUI’T MBX UISPVHI B HFOFSBM DPTU GVODUJPO
5IF HFOFSBMJUZ PG UIF QSJODJQMF PG DPNQSFTTJPO CFDPNFT NPSF
FWJEFOU XIFO SFHBSEJOH UIF NJOJNJ[BUJPO PG - BOE &[.> BT JO
TUBODFT PG UIF NJOJNJ[BUJPO PG B HFOFSBMJ[FE DPTU GVODUJPO
[]
XIFSF YJ BOE ZJ BSF SFTQFDUJWFMZ UIF XFJHIU BOE UIF NBHOJUVEF
PG UIF JUI FMFNFOU PG B TFU 	XF BTTVNF UIBU BMM “YJ”T BOE “ZJ “T
BSF QPTJUJWF
 - JT B QBSUJDVMBS DBTF PG , XIFO YJ BOE ZJ BSF
SFTQFDUJWFMZ UIF QSPCBCJMJUZ BOE UIF MFOHUI PG UIF JUI FMFNFOU 	JO
UIJT DBTF , JT EFGJOFE PWFS UIF BMQIBCFU PS TQFDJFT SFQFSUPJSF

&[.> JT B QBSUJDVMBS DBTF PG , XIFO YJ JT UIF OVNCFS PG QBSUT
	UIF OVNCFS PG DBMMT
 PG UIF JUI PDDVSSFODF 	UPLFO
 BOE ZJ JT UIF
FYQFDUFE NBHOJUVEF PG JUT QBSUT JF &[MJK]J> 	JO UIBU DBTF UIF TFU
DPOTJTUT PG PDDVSSFODFT PS UPLFOT
 "QQMZJOH UIF TBNF BSHVNFOUT
PG 'FSSFSJ$BODIP FU BM 	
 UP UIF NJOJNJ[BUJPO PG , B OFHBUJWF
DPSSFMBUJPO CFUXFFO UIF XFJHIU PG B VOJU BOE JUT NBHOJUVEF JT
FYQFDUFE 5P DPODMVEF UIF NJOJNJ[BUJPO PG , DBO CF WJFXFE BT
B HFOFSBM QSJODJQMF PG DPNQSFTTJPO TIFEEJOH MJHIU PO UIF PSJHJOT
PG CPUI UIF ;JQG’T MBX PG BCCSFWJBUJPO BOE .FO[FSBUI’T MBX 5IJT
QSPWJEFT UIFPSFUJDBM TVQQPSU GPS UIF JOUVJUJPO UIBU .FO[FSBUI’T
MBX JT BO FGGFDU PG DPNQSFTTJPO 	  
 *OEFFE POF DBO
BMTP DPODMVEF UIBU NJOJNJ[BUJPO PG , BOE B OFHBUJWF DPSSFMBUJPO
CFUXFFO UIF XFJHIU PG B VOJU BOE JUT NBHOJUVEF 	;JQG’T MBX PG
BCCSFWJBUJPO.FO[FSBUI’T MBX
 BSF JOUJNBUFMZ SFMBUFE CBTFE VQPO
QSFWJPVT BSHVNFOUT GPS - 	

$ISCUSSION
5IF DPNQMFY WPDBM TFRVFODFT PG BEVMU NBMF HFMBEBT GPMMPX
.FO[FSBUI’T MBX XJUI TFRVFODFT UIBU BSF MBSHFS  JF UIBU DPOUBJO
NPSF DBMMT  CFJOH DPNQPTFE PG DBMMT XJUI TIPSUFS EVSBUJPO 5IJT
GJOEJOH QSPWJEFT OFX TVQQPSU GPS UIF HFOFSBMJUZ PG UIJT MJOHVJTUJD
MBX CFZPOE UIF SFBMN PG IVNBO MBOHVBHF 5IFSF JT DVSSFOUMZ
HSFBU DPOUSPWFSTZ BCPVU XIZ EJWFSTF CJPMPHJDBM TZTUFNT FYIJCJU
.FO[FSBUI’T MBX BOE SFMBUFE MBXT 	     
 BOE JOEFFE
BCPVU XIFUIFS TVDI MBXT IPME BU BMM 	 
 0VS GJOEJOHT NBLF B
TJHOJGJDBOU DPOUSJCVUJPO UP UIJT POHPJOH EFCBUF QSPWJEJOH UIF GJSTU
FWJEFODF GPS.FO[FSBUI’T MBX JO OPOIVNBO BOJNBM WPDBM TZTUFNT
BOE DPNQMFNFOUJOH B HSPXJOH CPEZ PG DPNQBSBCMF FWJEFODF GSPN
B SBOHF PG NBNNBMJBO TQFDJFT 	  
 UIBU CFIBWJPS DBO CF
EFTDSJCFE CZ BOPUIFS SFMBUFE MJOHVJTUJD MBX –;JQG’T MBX PG BCCSFWJ
BUJPO 	
 " WJSUVF PG PVS BOBMZTJT PG UIF QSFTFODF PG .FO[FSBUI’T
MBX JT UIBU JU DPOTJEFST UIF EVSBUJPO PG JOEJWJEVBM DBMMT XJUIJO B
TFRVFODF BOE UIVT UIF GJOEJOH PG UIF MBX DBOOPU CF BUUSJCVUFE UP
BO BSUFGBDU PG FNQMPZJOH NFBO EVSBUJPOT 	
 0VS SFTVMUT BMTP
QSPWJEF OFX TVQQPSU GPS UIF IZQPUIFTJT UIBU.FO[FSBUI’T MBX BT JT
UIF DBTF GPS ;JQG’T MBX PG BCCSFWJBUJPO JT BO FGGFDU PG DPNQSFTTJPO
– UIF JOGPSNBUJPO UIFPSFUJD QSJODJQMF PG NJOJNJ[JOH UIF FYQFDUFE
MFOHUI PG B DPEF
5IF GJOEJOH UIBU HFMBEB WPDBM TFRVFODFT TIPX UIF TBNF
OFHBUJWF SFMBUJPOTIJQ CFUXFFO UIF TJ[F PG UIF XIPMF DPOTUSVDU
BOE UIF TJ[F PG JUT DPOTUJUVFOUT BT JT GPVOE JO IVNBO MBOHVBHF
TVHHFTUT UIBU FRVJWBMFOU QSJODJQMFT PG TFMGPSHBOJ[BUJPO 	
 VO
EFSQJO UIF WPDBM DPNNVOJDBUJPO PG PVS PXO TQFDJFT BOE BOPUIFS
QSJNBUF 8IJMF UIFSF BSF FMFNFOUBSZ EJGGFSFODFT CFUXFFO UIF
WPDBM GBDVMUJFT PG IVNBOT BOE PG PUIFS BOJNBMT 	–
 FYQMPS
JOH BOE DPNQBSJOH NBUIFNBUJDBM TUSVDUVSBM QSPQFSUJFT PG UIFJS
DPNNVOJDBUJPO TZTUFNT DBO CF JOGPSNBUJWF 	 
 "T MBOHVBHF
JT JOIFSFOUMZ TFRVFODFCBTFE BOE BOJNBMT PG NBOZ UBYB GSPN
CBDUFSJB 	
 UP HSFBU BQFT 	
 DPNCJOF JOEJWJEVBM TJHOBMT JOUP
TFRVFODFT JEFOUJGZJOH CBTJD QBUUFSOT PG TFRVFODF TUSVDUVSF UIBU
BSF TIBSFE CZ IVNBO BOE OPOIVNBO BOJNBM DPNNVOJDBUJPO
QSPWJEFT FWJEFODF GPS FWPMVUJPOBSZ QSFTFSWBUJPO PS DPOWFSHFOU
FWPMVUJPO PG UIF QSPDFTTFT VOEFSMZJOH UIF FNFSHFODF PG TVDI
QBUUFSOT 	
 *NQPSUBOUMZ BEIFSFODF UP .FO[FSBUI’T MBX OFFE
OPU JOWPMWF BOZ DPHOJUJWFMZ EFNBOEJOH QMBOOJOH CZ UIF BOJNBMT
QSPEVDJOH TFRVFODFT PG TPVOE 'JOEJOH.FO[FSBUI’T MBX JO HFMBEB
DPNNVOJDBUJPO TVHHFTUT UIBU TUSJOHT PG TPVOE GPMMPXJOH UIJT MBX
DPVME QSFEBUF UIF FWPMVUJPO PG NFBOJOHGVM DPNCJOBUJPOT
0VS GVSUIFS BOBMZTFT SFWFBMFE JOTJHIUT JOUP IPX UIF OFHBUJWF
SFMBUJPOTIJQ CFUXFFO DBMM EVSBUJPO BOE TFRVFODF TJ[F BSJTFT JO
HFMBEB WPDBM TFRVFODFT 'JSTUMZ PVS BOBMZTFT PG DBMM EVSBUJPO
BOE DBMM QPTJUJPO JO B WPDBM TFRVFODF TVHHFTU UIBU DPOGPSNJUZ UP
.FO[FSBUI’T MBX DBOOPU CF FYQMBJOFE TJNQMZ CZ QIZTJPMPHJDBM PS
NFDIBOJDBM DPOTUSBJOUT PO WPDBM QSPEVDUJPO MFBEJOH UP TIPSUFS
DBMMT CFJOH NBEF BU UIF FOE PG TFRVFODFT 	BOE NPSF PG UIFTF
BCCSFWJBUFE DBMMT CFJOH BEEFE UP UIF FOE PG MPOHFS TFRVFODFT

$POTJEFSJOH BMM DBMM UZQFT UPHFUIFS B OFHBUJWF BTTPDJBUJPO XBT OPU
TFFO CFUXFFO DBMM QPTJUJPO BOE EVSBUJPO BT XPVME CF FYQFDUFE JG
TVDI DPOTUSBJOUT XFSF JNQPSUBOU UIJT JOEJDBUFT UIBU GSPN UIF TUBSU
PG WPDBM TFRVFODFT NBMF HFMBEBT NBLF DBMMT PG UIF ‘BQQSPQSJBUF’
EVSBUJPO GPS UIBU TFRVFODF TJ[F BOE DBMM EVSBUJPO EPFT OPU UIFO
SFEVDF QSFEJDUBCMZ BT UIF TFRVFODF QSPHSFTTFT
5IF FNFSHFODF PG QBUUFSOT DPOTJTUFOU XJUI .FO[FSBUI’T MBX
NBZ CF JO QBSU EVF UP UIF DPNQPTJUJPO PG WPDBM TFRVFODFT WBSZJOH
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Submission PDF
XJUI UIF OVNCFS PG DBMMT *O QBSUJDVMBS UIF QSPQPSUJPO PG FYIBMF
HSVOUT EFDSFBTFE BOE UIF QSPQPSUJPO PG JOIBMF HSVOUT JODSFBTFE
JO MBSHFS TFRVFODFT 5IJT JT MJLFMZ UP CF EVF UP NBMFT JODSFBTJOH
UIF GSFRVFODZ XJUI XIJDI UIFZ NBLF CPUI BO JOIBMF BOE BO FYIBMF
HSVOU PO UIF TBNF CSFBUI BT TFRVFODF TJ[F JODSFBTFT .PTU TJHOJG
JDBOUMZ PODF TFRVFODFT FYDFFE BCPVU  DBMMT JOIBMF BOE FYIBMF
HSVOUT  UIF UXP DBMM UZQFT XJUI UIF TIPSUFTU EVSBUJPO  NBEF VQ UIF
WBTU NBKPSJUZ PG UIF DPOTUJUVFOU DBMMT BOE UIF SFMBUJWF QSPQPSUJPO
PG FBDI DBMM UZQF JO UIF TFRVFODFT WBSJFE MJUUMF "CCSFWJBUJPO PG
TPNF JOEJWJEVBM DBMM UZQFT JO MBSHFS TFRVFODFT NBZ BMTP VOEFSQJO
DPOGPSNJUZ UP .FO[FSBUI’T MBX UIF EVSBUJPOT PG JOIBMF HSVOUT
BOE FYIBMF NPBOT 	UIF TFDPOE BOE UIJSE NPTU DPNNPO DBMM UZQFT
JO TFRVFODFT
 XFSF OFHBUJWFMZ SFMBUFE UP UIF OVNCFS PG DBMMT JO
UIF TFRVFODF 5IFSF JT MJUUMF FWJEFODF GSPN TUVEJFT PG IVNBO
MBOHVBHF PG B DPNQBSBCMF FGGFDU 	JF UIBU UIF TBNF DPOTUJUVFOU
PG B DPOTUSVDU EFDSFBTFT JO MFOHUI JO MBSHFS DPOTUSVDUT
 OPU MFBTU
CFDBVTF .FO[FSBUI’T MBX JT BMNPTU FYDMVTJWFMZ JOWFTUJHBUFE JO
XSJUUFO UFYUT XIFSF B HJWFO XPSE IBT B GJYFE MFOHUI )PXFWFS
POF PG UIF FBSMJFTU TUVEJFT PG UIJT QIFOPNFOPO 	DPOEVDUFE CF
GPSF JUT GPSNBM EFTDSJQUJPO BT B MJOHVJTUJD MBX
 TVHHFTUT B TJNJMBS
TIPSUFOJOH PG B QBSUJDVMBS TQPLFO TPVOE XIFO JU BQQFBST JO B
MBSHFS DPOTUSVDU (SéHPJSF 	
 GPVOE UIBU JO TQPLFO 'SFODI UIF
EVSBUJPO PG UIF QSPOVODJBUJPO PG UIF TZMMBCMF Qâ EFDSFBTFE XJUI
JODSFBTJOH EVSBUJPO PG UIF XPSE PS QISBTF UIBU JU CFHBO UIF TPVOE
MBTUFE NT JO QâUF CVU POMZ NT JO QâUFVTF
$POGPSNJUZ UP .FO[FSBUI’T MBX JO HFMBEB WPDBM TFRVFODFT
NBZ SFGMFDU DPOTUSBJOUT MJOLFE UP UIF SFTQJSBUPSZ BOE FOFSHFUJD
EFNBOET PG TJHOBM QSPEVDUJPO 5IF MBDL PG B TUSPOH BTTPDJBUJPO
CFUXFFO DBMM EVSBUJPO BOE QPTJUJPO JO UIF TFRVFODF EPFT OPU
QSFDMVEF UIF QPTTJCJMJUZ UIBU QIZTJPMPHJDBM PS NFDIBOJDBM DPO
TUSBJOUT BSF JNQPSUBOU MJNJUJOH GBDUPST JO HFMBEB WPDBM TFRVFODFT
/POIVNBO QSJNBUFT’ SFMBUJWFMZ MJNJUFE CSFBUIJOH DPOUSPM XIJMF
WPDBMJ[JOH SFTUSJDUT UIFJS BCJMJUZ UP QSPEVDF MPOH DPOUJOVPVT WPDBM
TFRVFODFT 	 
 BOE BO JODSFBTF JO UIF GSFRVFODZ XJUI XIJDI
WPDBMJ[BUJPOT BSF NBEF PO CPUI UIF JOIBMF BOE FYIBMF PG UIF
TBNF CSFBUI DPVME MFBE UP IZQFSWFOUJMBUJPO 	
 "EEJUJPOBMMZ
BT SFWFBMFE CPUI CZ DPNQBSBUJWF BOBMZTFT 	
 BOE TJOHMF TQFDJFT
TUVEJFT 	–
 UIF EVSBUJPO PG WPDBM TJHOBMT JO WFSUFCSBUFT DBO CF
DPOTUSBJOFE CZ FOFSHZ BWBJMBCJMJUZ 8IJMF SFEVDJOH TJHOBM EVSBUJPO
DBO UIFSFGPSF TBWF FOFSHZ BOEPS NBZ CF B OFDFTTBSZ SFTVMU PG
CSFBUIJOH QBUUFSOT JU SFNBJOT BO PQFO RVFTUJPO BT UP XIFUIFS PS
OPU UIF TIPSUFOJOH PG B WPDBMJ[BUJPO SFTVMUT JO UIF MPTT PG USBOT
NJTTJPO GJEFMJUZ 5IFPSFUJDBM BOBMZTFT PG DPNNVOJDBUJPO JOEJDBUF
UIBU USBOTNJTTJPO GJEFMJUZ JT JODSFBTFE CZ BEEJOH SFEVOEBODZ FH
JODSFBTJOH TJHOBM EVSBUJPO 	
 BOE TUVEJFT PG IVNBO TQFFDI
TVQQPSU UIJT JEFB XIFO BTLFE UP TQFBL QBSUJDVMBSMZ DMFBSMZ QFPQMF
TJHOJGJDBOUMZ JODSFBTF UIF EVSBUJPO PG JOEJWJEVBM TQFFDI TPVOET
	
 " SFEVDUJPO JO TJHOBM MFOHUI BMTP JODSFBTFT UIF SJTL CPUI PG
DPOGVTJOH EJGGFSFOU TJHOBMT BOE PG QFSUVSCBUJPO PG UIF TJHOBM CZ
OPJTF JO UIF FOWJSPONFOU 	
 .FO[FSBUI’T MBX NBZ UIFSFGPSF
FNFSHF JO HFMBEB WPDBM TFRVFODFT BT B DPNQSPNJTF CFUXFFO
FGGFDUJWFOFTT PG DPNNVOJDBUJPO BOE UIF FOFSHFUJD EFNBOET BOE
CSFBUIJOH DPOTUSBJOUT PG WPDBM QSPEVDUJPO
0VS BOBMZTFT FYUFOEFE UIF TUBOEBSE BQQSPBDI PG FYQMPSJOH
.FO[FSBUI’T MBX CZ DPOTJEFSJOH UIF HBQT CFUXFFO DPOTUJUVFOUT
PG B DPOTUSVDU 	JOUFSDBMM JOUFSWBMT JO PVS TUVEZ
 BT XFMM BT UIF
DPOTUJUVFOUT UIFNTFMWFT 	DBMMT
 UP PVS LOPXMFEHF OP TUVEZ PG
.FO[FSBUI’T MBX JO IVNBOT IBT FYQMPSFE UIFTF JOUFSDPOTUJUVFOU
HBQT 5IF TBNF OFHBUJWF SFMBUJPOTIJQ XJUI TFRVFODF TJ[F XBT
GPVOE GPS JOUFSDBMM JOUFSWBM EVSBUJPO BT XBT TFFO GPS DBMM EVSBUJPO
5IVT MBSHFS WPDBM TFRVFODFT IBWF B GBTUFS UFNQP – UIFZ DPOUBJO
DBMMT PG TIPSUFS EVSBUJPO XJUI TIPSUFS HBQT JO CFUXFFO BOE UIFSF
GPSF BSF EFMJWFSFE BU B IJHIFS SBUF 5IJT WBSJBUJPO JO TFRVFODF
UFNQP NBZ SFGMFDU UIF FNPUJPOBM BSPVTBM TUBUF PG UIF WPDBMJ[JOH
BOJNBM 	
 BOE QPUFOUJBMMZ TJHOBM TVDI JOGPSNBUJPO UP SFDFJWFST
	
 " QSPNJTJOH BWFOVF GPS GVUVSF SFTFBSDI XJMM CF UP JOWFTUJ
HBUF XIFUIFS UIFTF MPOHFS BOE GBTUFS TFRVFODFT IBWF B EJGGFSFOU
DPNNVOJDBUJWF GVODUJPO GSPN TIPSUFS BOE TMPXFS TFRVFODFT TVDI
BT FYQSFTTJOH BGGFDUJWF TUBUF UP QPUFOUJBM MJTUFOFST 	
 *OEFFE
JU IBT CFFO QSPQPTFE UIBU UIF SIZUIN PG HFMBEB WPDBM TFRVFODFT
IBT JNQPSUBOU DPNNVOJDBUJWF GVODUJPO JO JUTFMG 	
 CVU UIJT
JEFB IBT OFWFS CFFO GPSNBMMZ UFTUFE 0OF BEWBOUBHF PG MPOHFS
TFRVFODFT CFJOH QSPEVDFE BU B GBTUFS UFNQP JT UIBU JU SFEVDFT
UIF SJTL PG CFJOH ‘UBMLFE PWFS’ CZ PUIFS HFMBEBT UIJT JT B TFSJPVT
QPUFOUJBM QSPCMFN EVF UP B OPJTZ FOWJSPONFOU PG DPOTQFDJGJD
WPDBMJ[BUJPOT JO XIJDI UIFTF BOJNBMT OFFE UP DPNNVOJDBUF 	

/PUBCMZ UIF EVSBUJPO PG JOUFSDBMM JOUFSWBMT XBT OFHBUJWFMZ SFMBUFE
UP QPTJUJPO JO UIF TFRVFODF UIJT XBT OPU UIF DBTF GPS DBMMT XIFSF
OP TVDI SFMBUJPOTIJQ XBT TFFO 5IJT JOEJDBUFT UIBU UFNQP JODSFBTFT
UPXBSET UIF FOE PG TFRVFODFT
"MUIPVHI OP QSFWJPVT TUVEZ PG OPOIVNBO BOJNBM DPNNV
OJDBUJPO IBT FYQMJDJUMZ UFTUFE .FO[FSBUI’T MBX SFTVMUT GSPN UIF
MJUFSBUVSF JOEJDBUF UIBU B OFHBUJWF SFMBUJPOTIJQ CFUXFFO TFRVFODF
TJ[F BOE DBMM EVSBUJPO JT OPU JOFWJUBCMF 'PS FYBNQMF CBCPPOT
HJWF MPOHFS TFRVFODFT PG HSVOUT JO JOGBOU IBOEMJOH DPNQBSFE
UP NPWFNFOU DPOUFYUT CVU UIF HSVOUT JO UIF MPOHFS TFRVFODFT
XFSF MPOHFS OPU TIPSUFS JO EVSBUJPO 	
 4JNJMBSMZ JO B TUVEZ
PG #BSCBSZ NBDBRVF GFNBMF DPQVMBUJPO DBMMJOH 	
 TFRVFODFT
HJWFO BSPVOE UIF UJNF PG PWVMBUJPO IBE B IJHIFS OVNCFS PG DBMMT
UIBO TFRVFODFT HJWFO FBSMZ JO UIF DZDMF BOE UIFTF DBMMT XFSF BHBJO
MPOHFS JO EVSBUJPO 5IF EJGGFSFODF CFUXFFO UIFTF GJOEJOHT BOE UIF
QSFTFOU SFTVMUT NBZ CF EVF UP UIF OBUVSF PG UIF SFTQFDUJWF WPDBM
TFRVFODFT 6OMJLF HFMBEB WPDBM TFRVFODFT TFRVFODFT PG CBCPPO
HSVOUT BSF CPUI IPNPHFOPVT BOE TIPSUFS BOE TP UIFSF NBZ
CF MFTT PQQPSUVOJUZ GPS .FO[FSBUI’T MBX UP FNFSHF *O #BSCBSZ
NBDBRVFT DPQVMBUJPO TFRVFODFT OPU POMZ DPOTJTU PG UIF TBNF DBMM
UZQF SFQFBUFE NVMUJQMF UJNFT CVU BSF WFSZ MPVE BOE BQQFBS UP
CF BJNFE BU EJTUBOU BT XFMM BT OFBSCZ SFDFJWFST 	
 *O MPOH
SBOHF DPNNVOJDBUJPO B QPUFOUJBM SFBTPO GPS .FO[FSBUI’T MBX
OPU UP FNFSHF JT UIF DPOGMJDU CFUXFFO DPNQSFTTJPO BOE USBOTNJT
TJPO TVDDFTT XIJDI MFBE UP PQQPTJOH DPOTUSBJOUT JU JT FBTJFS GPS
DPNQSFTTJPO UP EPNJOBUF XIFO TVDDFTTGVM DPNNVOJDBUJPO PWFS
MPOH EJTUBODFT JT OPU OFDFTTBSZ 	
 0VS BOBMZTJT PG TIPSUSBOHF
WPDBMJ[BUJPOT JO HFMBEBT QSPWJEFT TVQQPSU GPS UIF IZQPUIFTJT UIBU
DPNQSFTTJPO QSFWBJMT JO TIPSU SBOHF DPNNVOJDBUJPO 	

"MUIPVHI B DPOOFDUJPO CFUXFFO .FO[FSBUIhT MBX BOE DPN
QSFTTJPO IBT CFFO TVHHFTUFE WBSJPVT UJNFT 	 
 JU IBT OPU
CFFO GPSNBMMZ JOWFTUJHBUFE )FSF XF QSPWJEF UIF GJSTU NBUIFNBU
JDBM EFNPOTUSBUJPO PG UIF DPOOFDUJPO CFUXFFO DPNQSFTTJPO BOE
.FO[FSBUI’T MBX8F BMTP QSPWJEF UIF GJSTU VOJGJFE FYQMBOBUJPO GPS
CPUI ;JQGhT MBX PG BCCSFWJBUJPO BOE.FO[FSBUIhT MBX CZNFBOT PG B
HFOFSBM DPTU GVODUJPO XIJDI DPVME FYQMBJO UIF SFDVSSFODF PG UIFTF
QBUUFSOT BDSPTT CJPMPHJDBM TZTUFNT BOE MFWFMT PG PSHBOJ[BUJPO 5IF
QPXFS PG UIF BSHVNFOU SFMJFT PO JUT NBUIFNBUJDBM TJNQMJDJUZ BOE
JUT HFOFSBM TDPQF JU DPWFST CPUI JOEJWJEVBM FMFNFOUT BOE BMTP
UIF 	QPTTJCMZ SFDVSTJWF
 TFRVFOUJBM TUSVDUVSFT UIFZ GPSN 'VSUIFS
NPSF PVS FYQMBOBUJPO NBLFT OP MJOHVJTUJD PS DPNNVOJDBUJWF
BTTVNQUJPOT BCPVU UIF FMFNFOUT PS UIFJS DPNCJOBUJPOT 	FH XJUI
SFTQFDU UP XIFUIFS UIFZ DPOWFZ NFBOJOH PS TFSWF B QBSUJDVMBS
GVODUJPO
 5IFSFGPSF PVS UIFPSFUJDBM GSBNFXPSL DBO CSJEHF HBQT
BDSPTT B CSPBE SBOHF PG CJPMPHJDBM EJTDJQMJOFT
$PODMVTJPO
2VBOUJUBUJWF NFUIPET IBWF QSPWFE FYUSFNFMZ QPXFSGVM JO UIF
GJFME PG MJOHVJTUJDT GPS FYBNQMF SFWFBMJOH TIBSFE GVOEBNFOUBM
QSPQFSUJFT PG HFPHSBQIJDBMMZ BOE NPSQIPMPHJDBMMZ EJWFSTF MBO
HVBHFT XIJDI BSF OPU SFWFBMFE CZ RVBMJUBUJWF BQQSPBDIFT 	

 5IF GVMM QPXFS PG MJOHVJTUJD MBXT NBZ IPXFWFS FYUFOE GBS
CFZPOE UIF GJFME JO XIJDI UIFZ XFSF EFWFMPQFE 	 
 5FTUJOH GPS
DPOGPSNJUZ UP MJOHVJTUJD MBXT JO PUIFS CJPMPHJDBM TZTUFNT GBDJMJUBUFT
B NPWF GSPN FYQMPSBUJPO PG VOJWFSTBM QSPQFSUJFT PG MBOHVBHF
	
 UP UIF EFWFMPQNFOU BOE UFTUJOH PG IZQPUIFTFT BCPVU UIF
GVOEBNFOUBM QSJODJQMFT UIBU NBZ FYQMBJO UIF SFQFBUFE PDDVSSFODF
PG UIFTF TUBUJTUJDBM QBUUFSOT BDSPTT EJWFSTF CJPMPHJDBM DPOUFYUT 	

 0VS EFNPOTUSBUJPO PG B QBUUFSO DPOTJTUFOU XJUI .FO[FSBUI’T
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Submission PDF
MBX JO HFMBEB WPDBM DPNNVOJDBUJPO GVSUIFS IJHIMJHIUT UIF WBMVF
PG FYQMPSJOH UIF GVMM TDPQF PG MJOHVJTUJD MBXT PVUTJEF UIF SFBMN PG
MBOHVBHF 5IJT MBX DBO CF UFTUFE XIFSFWFS B TUSVDUVSF QSPDFTT PS
TZTUFN DBO CF CSPLFO EPXO JOUP B DPOTUSVDU BOE JUT DPOTUJUVFOUT
UIF MBX’T NBUIFNBUJDBM TJNQMJDJUZ CFMJFT JUT FOPSNPVT QPUFOUJBM
FYQMBOBUPSZ QPXFS BOE XF IPQF PVS XPSL XJMM FODPVSBHF PUIFST
UP UFTU UIF HFOFSBMJUZ PG .FO[FSBUI’T MBX JO CJPMPHZ 'JOBMMZ
PVS EFNPOTUSBUJPO PG IPX B HFOFSBMJ[FE QSJODJQMF PG DPNQSFT
TJPO QSPEVDFT .FO[FSBUI’T MBX JO DPOKVODUJPO XJUI PVS QSFWJPVT
XPSL JOEJDBUJOH UIBU ;JQG’T MBX PG BCCSFWJBUJPO BMTP SFGMFDUT UIJT
QSJODJQMF 	
 TVHHFTUT UIBU DPNQSFTTJPO NBZ VOEFSQJO CJPMPHJDBM
JOGPSNBUJPO TZTUFNT JO B CSPBE TFOTF $PNQSFTTJPO FYJTUT OPU POMZ
BU EJGGFSFOU MFWFMT PG UIF DIFNJTUSZ PG MJGF  DPEPOT 	
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-ATERIALS AND -ETHODS
A	 3TUDY SITE AND SUBJECTS
$ATA FOR THIS STUDY COME FROM  ADULT MALE GELADAS ACROSS THREE
DIFFERENT BANDS IN ONE WILD COMMUNITY ABOUT  INDIVIDUALS	 LIVING IN
THE 3ANKABER AREA OF THE 3IMIEN -OUNTAINS .ATIONAL 0ARK %THIOPIA 	
'ELADA BANDS ARE COMPRISED OF SMALLER HAREMLIKE UNITS WITH A LEADERMALE 
 FOLLOWER MALES AND  FEMALES WITH THEIR IMMATURE OFFSPRING 	 -ALE
GELADAS WERE CHOSEN AS THE TARGET OF THE STUDY BECAUSE THEY PRODUCE MORE
COMPLEX VOCALIZATIONS THAN FEMALES  	 4HE STUDY MALES INCLUDED 
UNIT LEADERS  FOLLOWERS AND  MALES WHO WERE A LEADER AND A FOLLOWER AT
DIFFERENT TIMES DURING THE STUDY PERIOD FROM ACROSS  REPRODUCTIVE UNITS
4HE REMAINING  STUDY MALES WERE BACHELORS FROM ALLMALE GROUPS IN THE
STUDY BANDS AND ONE OF THESE MALES WAS A LEADER AND A BACHELOR AT DIFFERENT
TIMES DURING THE STUDY PERIOD 	 4HIS POPULATION HAS BEEN UNDER INTENSIVE
BEHAVIORAL STUDY SINCE *ANUARY  AND STUDY SUBJECTS ARE FULLY HABITUATED
TO HUMAN OBSERVERS ON FOOT APPROACH DISTANCES LESS THAN  M	 	
B	 6OCAL SEQUENCE DATA COLLECTION AND PROCESSING
&ROM -ARCH  TO *UNE  WE OPPORTUNISTICALLY RECORDED VOCAL SE
QUENCES DURING BEHAVIORAL OBSERVATIONS USING A 3ENNHEISER-% DIRECTIONAL
MICROPHONE CONNECTED TO A -ARANTZ 0-$  OR  $IGITAL 2ECORDER 7E
DElNE A VOCAL SEQUENCE IE THE WHOLE CONSTRUCT	 AS ONE OR MORE DISCRETE
CALLS IE THE CONSTITUENT PARTS	 MADE BY THE SAME INDIVIDUAL AND FOR THOSE
SEQUENCES WITH TWO OR MORE CALLS SEPARATED BY AN INTERCALL INTERVAL OF
LESS THAN  SECONDS &IGURE 	 3EQUENCE SIZE REFERS TO THE NUMBER OF CALLS
IN THE SEQUENCE #ALL OR INTERVAL	 POSITION REFERS TO THE PLACEMENT OF THE
CALL OR INTERVAL	 IN THE ENTIRE SEQUENCE ST ND RD TH ETC	 4O CONTROL
FOR BEHAVIORAL CONTEXT WE FOCUS ONLY ON THE VOCAL SEQUENCES MADE DURING
CLOSERANGE AFlLIATIVE SOCIAL SITUATIONS 4HESE ‘CONTACT CALL’ VOCAL SEQUENCES
ARE THOUGHT TO PLAY AN IMPORTANT ROLE IN FACILITATING CONTACT WITH GROUP
MEMBERS AND THEY ARE KNOWN TO VARY WIDELY IN SIZE COMPOSITION AND
COMPLEXITY OF INDIVIDUAL CALLS  	 3IX CALL TYPES ARE MADE DURING THESE
VOCAL SEQUENCES EXHALE GRUNTS EXHALE MOANS INHALE GRUNTS INHALE MOANS
WOBBLES AND YAWNS 	 #ALL TYPES IN A VOCAL SEQUENCE WERE DESCRIBED AT THE
TIME OF THE RECORDING AND REASSESSED DURING VISUAL AND AUDITORY INSPECTION
OF THE SPECTROGRAM AN EARLIER STUDY OF GELADA VOCALIZATIONS WHICH EXAMINED
CALLS FROM MANY OF THE SEQUENCES ANALYZED HERE FOUND  INTEROBSERVER
RELIABILITY OF CALL TYPE IDENTIlCATION 	 "ECAUSE GRUNTS AND MOANS AN
ELONGATED VERSION OF A GRUNT	 GRADE INTO EACH OTHER DENSITY PLOTS OF CALL
DURATIONS LOGTRANSFORMED	 FOR EXHALED AND INHALED GRUNTSMOANS WERE
USED TO DETERMINE THRESHOLDS TO DISTINGUISH BETWEEN GRUNT AND MOAN CALL
TYPES 4HESE THRESHOLDS WERE DElNED AS THE MINIMUM VALUE BETWEEN THE
lRST TWO PEAKS "Y THIS DElNITION THE THRESHOLD BETWEEN EXHALED GRUNTS AND
MOANS WAS  S AND THE THRESHOLD BETWEEN INHALED GRUNTS ANDMOANS WAS
 S
/UR ANALYSES FOCUS ON VOCAL SEQUENCES WITH SUFlCIENTLY HIGH NOISETO
SIGNAL RATIO TO CATEGORIZE CALL TYPES AND WHICH ARE UNINTERRUPTED BY A CALL
FROM ANOTHER ADULT UNITMEMBER7E USED!VISOFT V  2 3PECHT "ERLIN	
TO GENERATE SPECTROGRAMS WITH A FAST &OURIER TRANSFORMATION SIZE OF 
POINTS	 AND TO LABEL THE START TIME END TIME AND CALL TYPE OF ALL CALLS IN A
VOCAL SEQUENCE 4HESE START AND END TIMES WERE USED TO CALCULATE THE CALL
DURATION AND INTERCALL INTERVAL DURATION #ALCULATIONS OF CALL DURATIONS INTER
CALL INTERVAL DURATIONS AND ALL STATISTICAL TESTS WERE CARRIED OUT IN 2  	
C	 3TATISTICAL ANALYSIS
4O EXPLORE THE RELATIONSHIP BETWEEN CALL DURATION AND INTERCALL INTERVAL
DURATION	 AND SEQUENCE SIZE WE lRST USED 3PEARMAN RANK CORRELATION TESTS
A METHOD INTRODUCED TO EXAMINE -ENZERATH’S LAW AND REMAIN OBJECTIVE
ABOUT THE EXACT FUNCTIONAL DEPENDENCY BETWEEN THE VARIABLES   	
)N THESE TESTS THE DURATION OF INDIVIDUAL CALLS OR INTERCALL INTERVALS FOR EACH
SEQUENCE SIZE WAS CORRELATED WITH SEQUENCE SIZE 7HILE THIS CAN HELP TO
AVOID POTENTIAL PROBLEMS OF PREVIOUS RESEARCH ON -ENZERATH’S LAW 	 WE
RECOGNIZE THAT ITS APPLICATION WITH OUR DATASET INVOLVES PSEUDOREPLICATION
4HEREFORE LINEAR MIXED MODELS ,--	 WERE CONSTRUCTED IN ORDER TO ASSESS
THE RELATIONSHIPS BETWEEN CALL AND INTERVAL	 DURATION AND SEQUENCE SIZE
WHILE TAKING CALL OR INTERVAL	 POSITION CALL TYPE MALE IDENTITY AND SEQUENCE
RECORDING IE THE VOCAL SEQUENCE THAT A CALL WAS FROM	 INTO ACCOUNT 7E
RAN THE ,--S IN 2  USING THE FUNCTION LMER OF THE 2 PACKAGE LME
	 4HE LMER4EST PACKAGE WAS IMPLEMENTED TO DETERMINE THE SIGNIlCANCE
OF THE ,-- COEFlCIENTS 	 A	 &IRST WE EXAMINED VARIATION IN INDIVIDUAL
CALL DURATION BY INCLUDING SEQUENCE SIZE CALL POSITION AND CALL TYPE AS lXED
FACTORS AND MALE IDENTITY AND THE SEQUENCE RECORDING AS RANDOM EFFECTS
B	 !N EFFECT OF CALL POSITION WAS ASSESSED IN THE ,-- FOR PART A	 AND TO
EXAMINE FURTHER THE RELATIONSHIP BETWEEN CALL POSITION AND INDIVIDUAL CALL
DURATION WE RAN AN ADDITIONAL ,-- WITH DURATION OF THE lRST CALL IN VOCAL
SEQUENCES AS THE DEPENDENT VARIABLE SEQUENCE SIZE AS A lXED EFFECT AND
MALE IDENTITY AS A RANDOM EFFECT C	 4O EXAMINE WHETHER THE PROPORTION
OF CALL TYPES CHANGES AS SEQUENCE SIZE CHANGES WE RAN SIX ,-- MODELS
ONE FOR EACH CALL TYPE &OR THESE MODELS THE PROPORTION OF EACH CALL TYPE
WAS CALCULATED FOR ALL VOCAL SEQUENCES AS THE NUMBER OF CALLS OF A GIVEN CALL
TYPE DIVIDED BY THE SEQUENCE SIZE #ALL TYPE PROPORTION WAS INCLUDED AS A
DEPENDENT VARIABLE WITH SEQUENCE SIZE AS A lXED EFFECT AND MALE IDENTITY
AS A RANDOM EFFECT D	 4HEN TO ASSESS WHETHER A RELATIONSHIP BETWEEN CALL
DURATION AND SEQUENCE SIZE APPLIED TO SPECIlC CALL TYPES SIX ,-- MODELS
WERE RUN ONE FOR DATASETS LIMITED TO EACH OF THE CALL TYPES )N THESE MODELS
CALL DURATION WAS THE DEPENDENT VARIABLE WITH SEQUENCE SIZE AS A lXED
EFFECT AND WITH MALE IDENTITY AND SEQUENCE RECORDING AS RANDOM EFFECTS 3EE
3UPPORTING )NFORMATION FOR RATIONALE BEHIND THE EXCLUSION OF CALL POSITION AS
A lXED EFFECT FOR THE ,--S ON DATASETS FOR SPECIlC CALL TYPES AND THE RESULTS
OF ANALYSES INCLUDING CALL POSITION E	 7E EXAMINED VARIATION IN INTERCALL
INTERVAL DURATION BY INCLUDING SEQUENCE SIZE INTERVAL POSITION AND CALL TYPE
AS lXED EFFECTS AND MALE IDENTITY AND SEQUENCE RECORDING AS RANDOM EFFECTS
F	 !N EFFECT OF INTERCALL INTERVAL POSITION WAS ASSESSED IN THE ,-- FOR PART
E	 AND TO EXAMINE FURTHER THE RELATIONSHIP BETWEEN INTERVAL POSITION AND
INTERVAL DURATION WE RAN AN ADDITIONAL ,-- WITH DURATION OF THE lRST INTER
CALL INTERVAL AS THE DEPENDENT VARIABLE SEQUENCE SIZE AS A lXED EFFECT AND
MALE IDENTITY AS A RANDOM EFFECT !LL STATISTICAL TESTS WERE ASSESSED USING A
SIGNIlCANCE LEVEL OF α  
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